The germicidal properties of anionic surface-active compounds against various pathogenic microorganisms have been widely reported in recent years.' It has been the experience of most workers that inhibition of microbial growth by these compounds is far more effective in vitro than in wvvo. This phenomenon is generally ascribed to adsorption on, or competition between, the surface-active agent and proteins, phospholipids and fatty acids occurring in the host protoplasm, but specific data in support of these contentions are lacking. Because of the importance of a knowledge of the precise mode of action of these compounds to further therapeutic applications, a study of the effects of phospholipids on the fungistatic activity of these compounds was initiated.
It was felt that the phospholipids might be particularly important in this connection because of their presence in the walls and surface membranes of microorganisms. Previously Baker, Harrison, and Miller' had suggested that the inhibitory activity of various surface-active compounds might be expressed in part through their capacity to increase the .permeability of, or otherwise disrupt, microbial membranes.
The surface-active compound used in this study was sodium benzene dodecyl sulfonate, an anionic substituted alkyl aryl sulfonate. This will be subsequently referred to as SBDS. Activity was measured in terms of the growth and respiration of three yeast species in the presence of SBDS. Received for publication December 1, 1950. tion: 10 grams bacto-peptone, 40 grams dextrose, and 1,000 ml. H20 were inoculated and shaken continuously at 25°C. on experiments indicated that maximum inhibition of growth and respiration by SBDS under these conditions occurred at pH 5. Figure 1 summarizes the growth of these three organisms in the presence of 500 ppm. of SBDS in liquid Sabouraud's medium in shake culture, and under similar conditions with 500 ppm. egg lecithin plus SBDS. It will be noted that over a period of 168 hours this concentration of SBDS completely inhibits the growth of Sporobolomyces and limits growth of Candida. Saccharomyces, however, adapts rapidly to SBDS after a period of 72 hours. In the presence of lecithin SBDS does not inhibit the growth of B. Curve 4: Na glycerophosphate plus choline plus SBDS; curve 5: choline plus SBDS; curve 6: Na glycerophosphate plus SBDS. C. Curve 7: oleic acid plus SBDS; curve 8: stearic acid plus SBDS; curve 9: palmitic acid plus SBDS. D. Curve 10: Na oleate plus SBDS; curve 11: Na stearate plus SBDS; curve 12: "Tween 40" plus SBDS.
or to the fact that only a few cells remained viable after initial contact with the lecithin SBDS mixture. Further work on this point is in progress. It is apparent, however, that such a phospholipid as egg lecithin is highly effective in overcoming the fungistatic activity of SBDS in the case of organisms such as Candida and Saccharomyces. To determine more precisely the actual mechanism of fungistasis by SB1DS and its reversal by lecithin, the respiratory behavior of these organ-isms in the presence of SBDS and lecithin was investigated manometrically. Figure 2A summarizes the oxygen consumption of Saccharomyces cerehisiae in the presence of 500 ppm. lecithin (curve 1), SBDS (curve 3), and 500 ppm. of both (curve 2). Lecithin by itself or in combination with SBDS stimulates the oxygen uptake of the cells above that of the glucose, phosphate buffer control. This is undoubtedly due to the liberation of soluble growth-promoting substances during the decomposition of the lecithin. SBDS (curve 3) almost completely inhibits oxygen uptake over a period of three hours. In the presence of equal parts of lecithin (curve 2) this respiratory inhibition of SBDS does not occur.
Since the lecithin molecule contains several fatty acid residues as well as glycerophosphoric acid and choline, these component parts were further tested for their activity in overcoming respiratory inhibition by 200 Sporobolomycessolmonicolor SBDS. Figure 2B Figure 2C shows that oleic acid dextrose; curve 1: lecithin; curve 2: (curve 7) is as effective as the lecithin plus SBDS; curve 3: SBDS; curve 4: Na oleate plus SBDS; curve 5: intact lecithin molecule in overNa stearate plus SBDS.
coming the respiratory inhibition of SBDS. The fact that stearic acid (curve 8) and palmitic acid (curve 9) were less efficient in this connection was attributed to their lesser miscibility in aqueous solutions. This was confirmed by the data presented in Figure  2D in which the more soluble sodium salts of oleic (curve 10) and stearic acids (curve 11) were fully as effective as lecithin. Since sodium palmitate is insoluble in aqueous mixtures, a polyethylene ester of palmitic acid, "Tween 40," which is completely miscible in aqueous media, was substituted. Curve 12 indicates that this ester is almost as effective as sodium oleate and sodium stearate in overcoming the effect of SBDS.
The respiratory behavior of Candida albicans in the experiments described above coincides with that of Saccharomyces cerevisiae; Figure 3 shows the oxygen consumption of Sporobolomyces salmonicolor in the presence of SBDS (curve 3) and a mixture of SBDS and lecithin (curve 2). Neither lecithin, Na oleate (curve 4), or Na stearate (curve 5) offer any protection against the inhibition by SBDS on this organism. This confirms the data presented in Figure 1 where lecithin did not overcome the inhibition of growth of Sporobolomyces for a period of 72 hours.
Since one outstanding difference between strain 13/13-2 of Sporobolomyces and the strains of Candida and Saccharomyces used here lies in the fact that the former possesses high concentrations of several carotenoid pigments, it seemed worthwhile to investigate the possibility that the presence of these pigments might influence the mechanism of inhibition. Consequently an albino mutant of strain 13/13-2 which has no detectable carotenoid pigments was utilized to repeat the experiments. The results with the albino strain (13/13-2-50) coincided exactly with those obtained with the pigmented strain (13/13-2). There seems to be no correlation, therefore, between the presence of carotenoids and inhibition by SBDS.
The data presented indicate that the activity of the phospholipid molecule in preventing the fungistatic effect of SBDS resides in its fatty acid residues. While the results obtained' in the growth and respiration experiments with Candida and Saccharomyces could be explained simply on the basis of chemical combination between fatty acids and SBDS in which the cells play a passive role, the fact that neither phospholipid nor fatty acids overcame inhibition induced by SBDS in Sporobolomyces suggests strongly that in this case the protective mechanism is correlated with biological systems. Further work upon the rate of adaptation to, or reversal of, SBDS inhibition by these organisms is in progress.
